Hereditary cancer comprises more than 10% of all breast cancer cases. In patients with a family history suggestive of a hereditary component, a mutation is often identified in the high penetrant genes BRCA1 and BRCA2. Several founder mutations have been detected in some Jewish communities, yet no BRCA1/2 founder mutation had been known in Kurdish Jews. Here, we describe the validation of a 22 hereditary cancer gene panel and a BRCA1 mutation found in 4 women from 2 unrelated Kurdish Jewish families utilizing this gene panel.
INTRODUCTION
Hereditary cancer comprises more than 10% of all breast cancer (BC) cases and 20% of ovarian cancer (OC) cases [1] . In patients with a family history suggestive of a hereditary component, a mutation is often identified in the high penetrance genes BRCA1 and BRCA2 [2] . Several founder mutations have been detected in various Jewish communities in Israel [3] [4] [5] . Yet, most patients from diverse ethnic backgrounds, even Ashkenazi Jews, that seem to have a hereditary predisposition for BC/OC, appear to be noncarriers when screened just for the common founder BRCA1/2 mutations. In some of these patients, novel mutations were detected by full sequencing of the BRCA1/2 genes that later proved to be founder mutations in distinct populations, such as Sephardi Jews [4] or in Jews from Iraq, Iran and Afghanistan [6] .
Up until now, no BRCA1/2 founder mutation has been known in the Jews originating from Kurdistan. The Jews of Kurdistan lived-until their immigration to Israel in the early 1950s-as a closed ethnic isolate, mostly in northern Iraq and Iran and in eastern Turkey. Genetically, Kurdish Jews are not closer to Muslim Kurds than are Sephardi or Ashkenazi Jews, suggesting that reciprocal male gene flow *Address correspondence to this author at the Sharett institute of Oncology, Hebrew University-Hadassah Medical Center, Jerusalem, 91120, Israel; Tel: 972-2-6777825; Fax: 972-2-6427485; E-mail: aviadz@hadassah.org.il between Jews in Kurdistan and their Muslim host population was below the detectable level [7] .
To identify diverse mutations in BC/OC patients, a 21-gene panel named BROCA has been utilized by other groups. In addition to sequencing the exons of BRCA1 and BRCA2, this panel also includes other high penetrance genes such as TP53, intermediate penetrance genes related to hereditary BC/OC such as PALB2, and genes involved in Lynch syndrome, as mutations in these genes increase susceptibility to OC [1] .
Here, we describe the validation of a 22 hereditary cancer gene panel based on BROCA [1] with the addition of the CDKN2A [8] . Then, we describe a BRCA1 mutation (dbSNP ID rs80357697) found in 2 unrelated Kurdish Jewish families utilizing the 22-gene panel.
METHODS

Population
The panel validation included 25 patients from various origins with previously identified mutations from the cancergenetic clinic in Hadassah Medical Center. Following the validation of the panel, 38 female and 2 male cancer patients diagnosed with cancer before the age of 50 years (30 with BC and 10 with other tumors), with either one or both parents of Kurdish Jewish descent, were also tested using the 22-gene panel. After the BRCA1 mutation had been identified, 53 additional Kurdish Jewish cancer patients and 322 cancer patients from other ethnic backgrounds, diagnosed at various ages were tested for this mutation by high resolution melting (HRM). All patients included in this study had previously signed an informed consent. Table 1 ). DNA extracted from the blood of consenting patients was acquired and the DNA concentration was measured using the Qubit Fluorometer. 10 ng of DNA was used in a PCR reaction which amplified exons of the 22 genes listed above using a custom primer mix. Primers were then digested, barcodes and adaptors were ligated onto the amplicons, and finally, the libraries were amplified. The libraries were then sent for mass parallel sequencing on the Ion Torrent PGM machine, aligned against the human genome hg19, the results analyzed using the Ion PGM variantCaller v4 plugin and visualized with the Integrative Genomics Viewer (IGV) software.
Identification of Mutations in 22 Hereditary Cancer Genes
Sanger Sequencing
PCR primers were planned using the PRIMER3 program; they are 5'-GGTTTTCTACTGTTGCTGCATCT-3'; and 5'-TGGACAGCACTTGAGTGTCA-3'. Amplification conditions were 94° for 2 min; and 30 cycles of 94° for 30 sec, 58° for 15 sec, and 72° for 15 sec; The purified PCR fragments were sequenced by the dideoxy terminator cycle-sequencing method with AmpliTaq DNA polymerase, FS (ABI Prism Ready Reaction Kit), and then were analyzed by use of an automatic DNA sequencer (ABI).
High Resolution Melting (HRM)
Genomic DNA was analyzed using a modified HRM protocol [9] . A PCR reaction was carried out in a total of 10 µl volume using 2 µl of genomic DNA (20 ng total), 1 µl of primer mix (containing 1400 nM of both forward and reverse primers flanking the mutation site), 5 µl of Biorad SsoFast™ EvaGreen ® Supermix and 2 µl of water. A Rotor Gene 6000 Real-Time PCR Machine was used with the following protocol: activation step at 98°C for 3 minutes followed by 45 cycles of denaturation at 98°C for 20 seconds, and annealing at 58°C, for 20 seconds. The PCR amplicons were then heated to 98°C for 1 minute and then cooled to 50°C for 1 minute. Using the SYBR Green I channel, melt curve data was then collected from 73°C-83°C at a ramping rate of 0.5°C per second. Wild type samples displayed a single peak while the mutated samples displayed a bimodal melting curve. When repeated 26 times the mutated samples peak is at an average of 78.2° (confidence interval 77.1-78.5) and wildtype at an average of 79° (confidence interval 78.8-79.2) t-test p<0.001 (Fig. 1) .
RESULTS
A Panel of 22 Hereditary Cancer Genes Based on the BROCA Gene Panel [1] is Valid in Detecting Point Mutations
Non-synonymous mutations and indels in coding regions were identified in 23/25 samples, including all carriers of (1) . Identification of a BRCA1 c.224_227delAAAG using HRM. Genomic DNA was purified from blood of two normal controls (PARP 550 and BC 3523) and two carriers of BRCA1 c.224_227delAAAG (BC 2428 and BC 4792), using the Qiagen Flexigene DNA kit and analyzed using a modified HRM protocol [9] . When repeated 26 times, the mutated samples peak is at an average of 78.2° (confidence interval 77.1-78.5) and wildtype at an average of 79° (confidence interval 78. 8 Figure 1 . Identification of a BRCA1 c.224_227delAAAG using HRM Genomic DNA was purified from blood of two normal controls (PARP 550 and BC 3523) and two carriers of BRCA1 c.224_227delAAAG (BC 2428 and BC 4792), using the Qiagen Flexigene DNA kit and analyzed using a modified HRM protocol [9] . When repeated 26 times, the mutated samples peak is at an average of 78.2° (confidence interval 77.1-78.5) and wildtype at an average of 79° (confidence interval 78.8-79.2) t-test p<0.001. HRM identifies the BRCA1 c.224_227delAAAG mutation.
Identification of a BRCA1 Frame Shift Mutation in Kurdish Jewish Women
Using a different cohort than the one used for panel validation, 40 Jewish Kurdish patients were tested using the 22 gene cancer panel, mean read depth 228. In 2 out of the 39 unrelated Jewish Kurdish patients tested, a common mutation was identified in the BRCA1 gene. This mutation is a CTTT deletion in hg19 chr17:41256959 resulting in a frame shift, c.224_227delAAAG, from amino acid 75, and was verified using Sanger sequencing (Fig. 2) . The mutation, dbSNP ID rs80357697, has been described in a two cases with no ethnic data. It causes a frame shift that is expected to disrupt part of the RING domain, two nuclear localization sequences, binding sites for RB, cMYC, RAD50 and Rad51, a serine cluster domain and a BRCT domain [10] . In one Fig. (2) . Identification of a BRCA1 frame shift mutation in Kurdish Jewish women. Genomic DNA was purified from a Kurdish Jewish women and the 22 gene panel applied. The library was massive parallel sequenced using the Ion Torrent PGM and visualized using the Integrative Genomics Viewer (IGV) software. The BRCA1 c.224_227delAAAG is identified using the panel approach (A) and verified by Sanger sequencing (B). This mutation in Kurdish Jewish women is a deletion resulting in a frame shift from amino acid 75.
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Figure 2: Identification of a BRCA1 frame shift mutation in Kurdish Jewish women Genomic DNA was purified from a Kurdish Jewish women and the 22 gene panel applied. The library was massive parallel sequenced using the Ion Torrent PGM and visualized using the Integrative Genomics Viewer (IGV) software. The BRCA1 c.224_227delAAAG is identified using the panel approach (A) and verified by Sanger sequencing (B). This mutation in Kurdish Jewish women is a deletion resulting in a frame shift from amino acid 75.
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family, the proband (patient sample number 2428) suffered from triple negative breast cancer at the age of 36, and her mother suffered from fallopian tube cancer at the age of 38. Two maternal aunts suffered from ovarian cancer at the age of 45, and one maternal aunt suffered from breast cancer at the age of 60. In the second family, the proband (patient sample number 4792) suffered from ER positive breast cancer at the age of 40. Her mother (patient sample number 509) suffered from a medullary carcinoma of the breast at the age of 59 and synchronous triple negative breast cancer and lung cancer at the age of 74. Four maternal cousins suffered from cancer. Using HRM and Sanger sequencing, the mother (patient sample number 509) and a maternal cousin's daughter (patient sample number 687) were found to be a carriers of the BRCA1 c.224_227delAAAG mutation, (Fig. 3) . No additional carriers of the BRCA1 c.224_227del AAAG mutation were identified among the 53 cancer patients of Kurdish Jewish descent or 322 cancer patients from other ethnic backgrounds who were screened using HRM.
Other mutations identified using the 22 gene panel and verified using Sanger sequencing in the 40 study patients included missense, nonsense and splice site mutations in the  ATM, BRCA1, BRCA2, BRIP1, CDH1, CHEK2, MRE11A,  MSH6, P53, PALB2, PMS1 and RAD50 genes. Based on the Fig. (3) . Pedigree of the BRAC1 c.224_227delAAAG carriers. Four women from two unrelated Kurdish Jewish were consulted in the cancer-genetic clinic of the Hadassah medical center. The probands were diagnosed with cancer at a young age and had significant family history, suggesting a founder mutation in this population.
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Figure 3. Pedigree of the BRAC1 c.224_227delAAAG carriers. Four women from two unrelated Kurdish Jewish were consulted in the cancer-genetic clinic of the Hadassah medical center. The probands were diagnosed with cancer at a young age and had significant family history, suggesting a founder mutation in this population. Human Gene Mutation Database (HGMD) [11] and mutation taster [12] , some of these mutations are polymorphisms while others are disease causing ( Table 1) .
DISCUSSION
We report the dbSNP ID rs80357697 cancer susceptibility mutation in the BRCA1 gene in 4 women from 2 families of Kurdish Jewish descent. The personal and family history of the patients is typical to BRCA1 mutation carriers, including women affected with breast cancer at a young age and women with ovarian or fallopian tube cancer. Finding this described mutation in two unrelated families from the same origin suggests that this mutation is a founder mutation in the Kurdish Jewish community. Yet, proof of this assumption would need haplotype comparison between the two families, Genomic DNA was purified from a Kurdish Jewish women and the 22 gene panel applied. The library was massive parallel sequenced using the Ion Torrent PGM and visualized using the Integrative Genomics Viewer (IGV) software. All mutations were validated using Sanger sequencing. Missense, nonsense, frameshift and splice site mutations that are either pathogenic, not found or found in less than 1% of the population are displayed. The prediction is based on HGMD [11] and mutation taster [12] .
